We investigate the question of parity breaking in three-dimensional Euclidean SU(2) gauge-Higgs theory by Monte Carlo simulations. We observe no sign of spontaneous parity breaking in the behaviour of both local and non-local gauge invariant operators. However, the presence of parity odd terms in the action can induce a phase transition to a parity odd ground state which is characterized by a Chern-Simons like condensate. The implications for various proposed scenarios of fermion number non-conservation is discussed.
Introduction
The non-conservation of the fermion number in the electroweak theory [1] due to the anomaly in the fermionic current has, in recent years, attracted a lot of attention. Under ordinary conditions the processes associated with baryon number non-conservation are exponentially suppressed, since they correspond to tunnelling between different classical vacua connected by topological non-trivial gauge transformations. However, it has recently been realized that there can be a great amplification of anomalous fermion-number non-conservation. Generally, this might occur when the energy stored in the system is big enough. In principle, the energy can be of different forms. The simplest example is provided by a system at high temperatures [2] and/or large fermionic densities [3] . Otherwise, we can consider decays of superheavy fermions [4] or collisions of particles at high energies [5, 6] .
It has been suggested recently to combine non-conservation of the baryon number with the possibility of spontaneous parity breaking [7, 8, 9, 10] in the high temperature limit [11] of the electroweak theory and in this way explain the observed baryon asymmetry of the universe entirely within the context of the electroweak theory [12] . The scenario is as follows. At temperatures higher than T c , corresponding to the electroweak transition temperature T c (∼ O(100)GeV ) the SU(2) symmetry is restored, but (by assumption) parity is spontaneously broken. Since parity is a discrete symmetry this leads to the creation of domains with different signs of parity breaking inside them. However, due to a small but explicit breaking of CP coming from the KM-matrix, one type of domain will be energetically favourable, and will eat the domains with opposite parity. When the universe has cooled to T ≃ T c it will be in a state of maximal parity asymmetry, and the expectation values of parity odd operators, which are naturally present in the high temperature phase, will be different from zero. Of particular interest in this connection is the Chern-Simons condensate, which appears as a term in the effective three-dimensional high temperature action. After the electroweak phase transition we have a situation where the gauge symmetry is broken, but the parity invariance is restored. The Chern-Simons condensate, characterized by a non-zero expectation value of the Chern-Simons density n cs , will disappear when parity invariance is restored. Due to the anomaly of the fermion number current, the expectation value < n cs > in the parity broken phase may be converted to fermions, thereby explaining the baryon asymmetry observed in the universe. One additional assumption necessary for the above scenario to be viable is that the electroweak transition at T c is first order [2, 12] . If it is second order, the generated baryon asymmetry will be washed away after the transition, by the very same baryon number violating processes. The reason is that the effective, temperature-dependent masses changes smoothly from zero after a second-order transition. Consequently, the barrier separation of the different classical vacua will grow slowly and there will be sufficient time to create a new thermal equilibrium between baryons and anti-baryons.
Obviously a large number of assumptions go into the above suggested mechanism for generation of the observed baryon asymmetry, and it would be preferable if one could check some of them. A determination of the order of the electroweak transition seems difficult, both from an analytic point of view [13, 14] , or by means of lattice gauge simulations [15] . The assumption that parity is spontaneously broken at high temperature is more accessible to numerical investigation, since the effective high temperature limit of the static magnetic sector of the electroweak theory is described by the three-dimensional SU(2) gauge-Higgs system [16, 17] . In the broken phase of the three-dimensional gauge-Higgs theory it seems impossible to have spontaneously broken parity [11] , but in the unbroken phase, which is the one of interest in the above cosmological context, infra-red singularities make a perturbative analysis unreliable. It is the purpose of the present paper to perform a non-perturbative analysis of the problem of parity breaking using the technique of lattice gauge theories.
Due to the explicite breaking of parity and CP-invariance, the effective action for the gauge and Higgs fields contains a number of parity odd terms. The ChernSimons term has already been mentioned. It is given by
It appears, for example, in the presence of the non-zero fermionic number density [18] . The existence of a Higgs field leads to other parity odd operators when the fermions are integrated out. The simplest operator is
The triangle diagram leading to this operator is shown in fig.1 and involves the coupling of two Higgs fields to an SU(2) gauge field. Clearly, there is an infinite set of such operators, corresponding to various one-loop diagrams. A simple example is
The pentagon diagram which leads toÕ cont 2 in the high temperature limit is also shown in fig 1. The coefficients in front of the terms (1)-(3) will be extremely small. They have their origin in the CP-breaking part of the electroweak theory. Although small, they might still be important if parity is spontaneously broken, as discussed in [11] . In the first part of this article we will mainly consider the terms as small perturbations to the underlying three-dimensional gauge-Higgs system, since the main purpose is to find traces of spontaneous parity breaking and one way to do that is by adding parity-odd operators and measuring the response. From this point of view the operatorsÕ cont 1 andÕ cont 2 are in many respects more convenient than the Chern-Simons operator (1). They are, contrary to (1), invariant under local gauge transformation. This means that they have a natural implementation on the lattice which preserves the parity odd nature of the terms. There exists no simple and natural lattice implementation of the Chern-Simons density (1). Nevertheless (2) and (3) have the same origin in the context of an effective high temperature expansion of the electroweak theory, and they are related to the Chern-Simons term (1) since their sum for a constant Higgs field ϕ 0 is equal to n cs :
The use of terms like (2) and (3) might therefore be superior to earlier attempts [22] to add directly the Chern-Simons term as a small perturbation to the effective high temperature lattice action and in this way test the properties of the vacuum of the three-dimensional theory. The outcome of these earlier attempts wos ambiguous, and the ambiguity seems to be related to our inability to find a physical acceptable representation of the Chern-Simons density on the lattice.
Since there is an infinite number of terms like (2) and (3), we will in this article confine ourselves to the study of theories where only the simplest source term (2) is added. We add it in two different versions, namely as given by (2) and in a "non-local" version:Õ
The reason for consideringÕ cont 3 can be found in eq. (4). In principle we are interested in adding the Chern-Simons term as a source term, but as mentioned above we are unable to do so directly, and the non-polynomial interaction (5) might be a good approximation. In the phase where the gauge symmetry is spontaneusly broken and ϕ has only small fluctuations around a vacuum expectation ϕ 0 = 0 there should not be any difference 3 between the source terms (2) and (5). There could be significant differences in the unbroken phase where ϕ 0 = 0, and it is our hope that the term (5) would capture a possible difference in this phase between adding a source term like (1) and a source term like (2 should grow with the volume of the system. We have illustrated the situation of spontaneous symmetry breaking as compared to no symmetry breaking in fig.2 . In the case of no spontaneous symmetry one would expect to observe a linear growth of Õ cont 1 as a function of the coupling strength µ, and almost no volume dependence should be present. In the following we will report on the results of MC simulations trying to distinguish between the two situations of fig. 2 . 
in the action
For the three-dimensional gauge Higgs system we use the standard lattice action which is given by:
Here U x,x+µ ∈ SU(2) denotes the gauge variable associated with the link (x, x + µ), U 2(x),µν = U x,x+µ U x+µ,x+µ+ν U x+µ+ν,x+ν U x+ν,x the variable associated with the lattice point x and the plaquette 2 spanned by the unit lattice vectorsμ,ν. Finally Φ x denotes the SU(2) Higgs doublet field associated lattice point x, but written in matrix form:
By taking the vacuum expectation value v 2 as the following function of the coupling constants:
the naive continuum limit of the theory is obtained by scaling β R → 0 as a while β H → 1/3 such that v 2 → 0 as a, and (6) goes to the following continuum action:
The tree value connection between the lattice parameters in (6) and the continuum coupling constants in (9) is as follows
We now add the parity odd source term to the action (6). First we define lattice quantities corresponding to F a µν (x) and ϕ † τ a ↔ Dµ ϕ:
and the lattice action can then be written as
These lattice terms are chosen in such a way that they have the correct symmetry, even at the discrete level, and such that the naive continuum limit of the rhs of (11) and (12) is not a renormalizable term.
Let us first discuss the phase diagram in the case where the source term µS 1 is zero. According to our knowledge no detailed investigation has been made for the model given by (6) in three dimensions. A careful study of a three-dimensional model where the Higgs field is in the adjoint representation was performed in [19] . We found qualitative agreement with the results of ref. [19] for the model (6) in the rather large region of coupling constant space we have scanned. There are no surprises compared to the standard scenario for a four-dimensional gauge-Higgs system: for β G = 0 we have for small β R a first-order transition near β H = 1/3, separating the broken and unbroken phases. As β R increases the β H separating the two phases increases slightly, and the transition becomes progressively weaker first order, ending in a second-order transition at some finite β H , β R . This picture is preserved when we move away from β G = 0, and the value of β R , which separates the first-and second order-transition regions, is lowered with increasing β G . At the other boundary (i.e. β G = ∞) the transition separating the broken and unbroken phase is always second order. When we move away from β G = ∞ small values of β R will result in a first-order transition for β H close to 1/3, while larger values of β R result in a second-order transition. In this way there exists a tricritical line
and separating the first-and second-order transitions. We have not located precisely where it ends.
We now discuss the influence of the parity breaking term S 1 . Let us define the lattice observable related toÕ cont 1 as follows:
The procedure has been to fix a value of µ = 0 and scan the above phase diagram for the gauge-Higgs system and look for volume dependence of < O 1 >. The first statement is that nowhere have we observed any volume dependence for < O 1 >. The simulations were performed on 8 3 , 12 3 , 16 3 and 24 3 lattices. On the largest lattices it was possible to move quite close to the gaussian fixed point, but still there was no volume dependence. We conclude that we have seen no sign of spontaneous parity breaking.
We do observe, however, explicit parity breaking. No matter what value of β R , β H and β G = 0, a sufficiently large value of µ results in a phase transition (or for a large value of β R or β H at least a rapid cross-over) to a state with a large expectation value of O 1 . The corresponding phase diagram is shown in fig. 3 for β G = 6 and β R = 0.001. We have three phases denoted S, SB and P B. S denotes a symmetric phase where the expectation value of R 2 is small, the expectation value
between the phase of the Higgs field and the gauge field is small and finally the expectation value of O 1 is small. The phase SB denotes the phase of spontaneously broken symmetry. It is a continuation of the similar phase for the ordinary theory with µ = 0. In this phase R 2 is large, Tr V † UV is close to two, its maximum value, and O 1 is small: there is only a small violation of parity, induced by the explicit presence of the term with µ in the action. The phase P B is one where parity appears to be broken in the sense that the expectation value of O 1 is large. Note that a positive expectation value of O 1 , due to the sign convention in (14) , corresponds to a negative value for the action term S 1 given by (9) . In this phase the expectation value of R 2 is large too, and O 1 is approximately 0.6 of its maximal value. The expectation value of Tr V † UV is small, as is the expectation value of Tr U 2 . The three phases meet at the "triple point" T . We have illustrated the behaviour in fig.  4 of the four observables mentioned. Deep inside the broken phase (large β H ) the transition is probably only a rapid cross-over and not a real phase transition. For the given value of β G and β R the transition between the symmetric phase S and the parity broken phase P B is a clear first-order transition, (it is sharp, independent of the volume and it is possible to produce a pronounced hysteresis loop ). Fig. 5 shows the effect of changing µ for a fixed β H which is chosen such that we start in the S phase, afterwards move into the SB phase and finally end in the P B phase. Figs. 6a and b illustrate the effect of increasing β R . The main effect of such an increase is that we have to go to somewhat larger µ to induce the transition to the P B phase. The value of µ reported here is the value of the µ T for the triple point where the three phases meet. The β H value for the triple point always remains smaller than the β H for µ = 0 and larger than 1/3, which is the value for the Gaussian fixed point corresponding to µ = 0 and β R = 0. From fig. 6b we have indications that the triple point moves closer to this gaussian critical point as β R → 0. Finally Fig.  6c illustrates the behaviour of µ T versus β R and β G . We observe first that µ T tends to a finite value as β G tends to zero for constant β R (we will discuss the reason for considering this particular limit below). On the other hand µ T increases with β G , but if we want to follow the lines of constant physics as β G increases we must, according to the naive scaling relations, move to smaller β R (recall that β R ∼ a and β G ∼ a −1 ). Doing this we observe that µ T on the lattice is almost constant, which indicates that µ 1c approaches zero in a tentative continuum limit based on the naive scaling relation. But, as already mentioned, and as will be discussed in more detail below, the transition at µ T is always a first-order transition and it makes no sense to apply the naive scaling relations.
Let us try to understand the nature of the new parity odd phase and examine in more detail the possibility of associating it with a continuum theory.
From fig. 4 the parity broken phase appears to be a lattice artifact. In particular, the plaquette variable U 2;µν must rotate close to the equator of S 3 if we map SU (2) in the standard way in the three-sphere, and the smallness of the plaquette action is not due to rapid fluctuations of the link variables, as in usual gauge theories, but is due to an unusual kind of alignment with the vector H a . This is clear since O 1 is approximately 0.6 of its maximal value. This alignment automatically prohibits the usual alignment between the phases of the gauge field and the Higgs field in the broken phase, and explains the observed small value of Tr V † UV in spite of the fact that the expectation < R 2 > of the Higgs field is large. The smallness of Tr U 2 itself, not only its expectation value, moves any expansion a long way from the continuum. The possibility of a phase transition for large values of µ is not difficult to understand from a simple mean field argument. Adding an operator like µÕ cont 1 , given by (2) (or S 1 given by (9) on the lattice) to the theory corresponds to adding, in a not too precise way, a tachyonic mass term to the theory, since it is quadratic in the field ϕ and it will dynamically choose to adjust itself to a tachyonic coupling, rather than to a real mass term. (Recall that the expectation value of S 1 or µÕ cont 1 was negative.) Of course it has to compete with the real mass terms present in the theory, but whenever µ is sufficiently large the tachyonic mode will have the chance to dominate, provided a suitable alignment of the gauge fields can be found. By just using the mean field values for the action terms associated with β G , β H and β R it is possible to predict the value of µ for which the phase transition to a "broken parity" phase should occur as a function of β G , β H , β R . It agrees reasonably with the observed value. Under the assumption that Tr V † UV = 0 and U 2 = 0,
which is approximately satisfied deep in the P B phase, we can find a constant field configuration which seems to agree with the observations. By a gauge fixing to the unitary gauge we assume V x = 1 and Tr V † UV = 0 reduces to Tr U µ = 0 for all links. This in combination with Tr U 2 = 0 tell us that
Since U 2 is a product of four U µ 's it is simple algebra to show that (16) completely fixes the vectors u µ corresponding to links in the 1,2 and 3 directions to satisfy
This in turn implies that
and the appropriate choice of sign will give a negative value of S 1 which is close to the observed value deep in the P B phase. Although these mean field arguments are valid deep inside the P B-phase, they are likely to fail close to the transition between the symmetry phase S and the phase SB. For µ = 0 and suitable values of β G , β H and β R we have a secondorder transition and this transition seems to persist for small values of µ. We have therefore observed carefully whether there is any sign of enhancement of parity breaking for a fixed small µ, when we move from the symmetric to the broken Higgs phase (we assume the value of µ so small that we do not have the phenomenon of tachyonic transition described above). In fig. 7 we have shown such a curve for O 1 as a function of β H , and we have observed an enhancement of the parity breaking transition precisely at the phase transition. Unfortunately there was still no volume dependence associated with the observed expectation value of O 1 , and further the response was linear with µ. Again we could not associate it with any sign of spontaneous parity breaking, and one possible interpretation of the enhancement is simply that it represents a cross-over from one kind of field configuration, which has only a weak response to the explicit parity breaking S 1 present in the action, namely the configurations in the unbroken phase, to another, completely different, kind of configuration, in the broken phase, which has an equally weak dependence. In between these two well-defined phases we might get interpolating configurations which by "accident" trigger a somewhat larger value of O 1 .
One could ask whether it is possible to use the explicit parity breaking observed to define a continuum limit. The first step in that direction is to locate second-order transitions. Two locations are possible: in the first case, the transition is reached from the symmetric phase of the gauge-Higgs system by increasing the "chemical" potential µ, and in the second case it is reached from the broken phase of the gauge-Higgs system by the same procedure. A priori the first situation seems much more interesting, since the symmetric phase is non-perturbative and is infra-red singular from a perturbative point of view. However, whenever we approached the line of transitions from the unbroken phase we observed clearly the phenomenon of hysteresis, indicating a first-order transition. It seems unlikely that this part of the critical line can be used to define any continuum theory. Although it was more difficult to decide whether the transition in the broken phase was a first-or second-order transition, it is not very appealing to think of this critical line as one where continuum physics can be defined. The "perturbative vacuum" where µ = 0 is certainly well defined and stable in this phase. Well into the parity broken phase we have a situation which differs profoundly from any known continuum assignment of gauge fields to link variables, and it is hard to imagine the borderline between these two regimes as being interesting.
One point is singled out, namely the triple point T where the three phases meet. For µ = 0 we expect the transition between the symmetric and broken Higgs phases to be second order if β G is sufficiently large and β R not too small. This feature seems to extend to µ > 0, and it might extend all the way to the triple point T of fig.3 , in which case one could imagine using this second-order point to define a continuum limit. However, for all the coupling constants we have checked the situation has been as follows. Even if the transition between the phases SB and S starts out as a second order transition for µ = 0, and continues to be second-order for µ small, it always changed to a first-order transition before we reached the triple point. We illustrate this situation in fig.8 . Again we see a first-order transition. We conclude that we have not been able to find a second-order phase transition point between S and P B.
For larger β H we will have a transition between SB and P B. When we move away from the triple point and up in β H this transition is first order, but eventually it seems to change into a cross-over. Also in this region we found no obvious secondorder transition which could serve as a definition for a continuum limit.
3 The phase diagram withÕ cont 3
As mentioned in the introduction we expect the termÕ cont 3 to differ significantly from O cont 1 in the symmetric phase S. We also expect it to be a better approximation to a Chern-Simons like term. For this reason we have repeated the analysis of the phase structure with this term added instead ofÕ cont 1
. As the lattice version we have taken
The continuum coupling constant µ 3c which multipliesÕ
is dimensionless and if we apply naive scaling, we have µ ∼ µ 3c without any lattice scale a entering.
In fig.9 we have shown a phase diagram similar to the one shown in fig. 3 for two values of β R . The qualitative features are the same as in fig.3 except for the expectation value of R 2 , which seems to be continuous when we cross from the symmetric phase S, to the one of spontaneous parity breaking P B. R 2 stays small everywhere in P B.
In fig.10 we illustrate the behaviour of our observables as a function of µ. We have chosen β G = 6.0,β R = 0.001 and two values of β H corresponding to a location below and just above the triple point.
Again we see no sign of spontaneous parity breaking for small µ, but a transition for large values of µ to a parity broken phase P B. The transition from S to P B is always first order, even at the triple point T , and the mean field arguments still apply, since they do not use any properties of R 2 .
The nature of the transition from SB to P B depends on the value of β R . For β R = 0.001 it is always first-order even for large values of β H , but for β R = 0.1 it starts as a first order transition for β H just above the value corresponding to the triple point. For β H = 0.50 the transition is weakly first order, while for β H > 0.60 it has changed into a cross-over.
As for theÕ term we have to conclude that there seems to be no secondorder phase transition which can be used for defining a continuum limit of the parity broken phase.
A "Chern-Simons" condensate
Although the parity broken phase P B is a lattice artifact, it is still of some interest to check whether it possesses some of the properties which were conjectured for the hypothetical continuum version of the parity broken phase. The most important property was the existence of a Chern-Simons condensate, which during the phase transition from the parity broken phase at time t 1 to the "present" phase of spontaneously broken gauge symmetry at time t 2 would develop a large value of
where the Chern-Simons number N cs (t) is defined by
While N cs (t) itself is not invariant under topological non-trivial gauge transformation, the difference given in (20) is invariant. Consequently, it makes sense to ask for this value in the case of a given phase transition (first order, second order etc.) from the P B-phase to the SB-phase. As explained in the introduction we will mainly be interested in the situation where the electroweak transition is of first order 4 . A firstorder transition is well approximated by a simple change in the coupling constants [20] . An approximation to the first-order electroweak transition can then be implemented in the following way. Our starting point is the parity broken phase, which we have reached from the symmetric phase (corresponding to the high temperatures before the electroweak transition). We then change the coupling constants such that they correspond to the broken phase, and relax the gauge field configuration such that it has a possibility to move to a classical vacuum configuration in the broken phase. During this motion we measure the lattice version of the rhs of (20) (for a detailed discussion of this program see [21, 22] ). One has a large choice of possible relaxation equations. One possible choice would be the classical equations of motion with a damping term (to take away energy from the hot configuration). Another choice, which we have adopted here, is to use the simplest relaxation equation which will bring us to a classical vacuum in the broken phase:
where S is the action for the gauge-Higgs system and (A, ϕ) symbolizes the gaugeand Higgs fields. The "time" τ entering in (22) is a fictitious relaxation time, but (20) is independent of the choice of time-parameter since it depends only on the initial and final field configurations. Of course the final configuration depends on the specific choice of dynamics dictated by (22) , but since the final configuration is a trivial vacuum configuration, where only the winding number is of importance, we do not expect a crucial dependence on the choice of dynamics during the "rolling down" of the Higgs field. At least, the result of relaxation is invariant to small perturbations of the choice of relaxation equations since the classical vacua are separated points of attraction of any relaxation equation.
The measurement of the "Chern-Simons condensate", i.e. of (20) according to the procedure described above , is shown in fig.11 , both for the condensate generated from a local parity odd termÕ cont 1 and the non-local parity odd termÕ . We see a clear condensate, where (20) grows proportional to the volume (the density goes to a constant value with volume), although we have to go to rather large volumes to see this clearly in the case ofÕ and for constant values of β R , β G and β H . In the same figure we plot for comparison the value of < O 1 > and we see that the condensate is only formed after the transition to the parity broken phase.
Discussion
We have seen no sign of spontaneous breaking of parity. One could try to discard these lattice results by saying that the lattices are too small, and that we are far from continuum physics. However, from the simulations of pure SU(2) gauge theories in three dimensions it is known [23] that the scaling region is reached already at β G = 5 and that the correlation length at this value is quite small. For the pure gauge theory we can therefore approach continuum physics on quite small lattices. Of course the gauge-Higgs system is different and the question of spontaneous parity breaking a different one. The hope of such a phenomenon being present is nevertheless born from the infra-red singularities present in the gauge-Higgs system in the symmetric phase, and there is no obvious reason why the scales involved should be vastly different from the ones which are believed to control the infra-red singularities of the pure gauge system.
The most natural interpretation of the results is as follows. The infra-red singularities in three-dimensional non-Abelian gauge theories (and the magnetic sector of high temperature four-dimensional non-Abelian gauge theories) can be cured by a dynamical generated mass scale. We believe such a mass scale is generated for the string tension [23] and the glueball mass [24, 25] in the symmetric phase. This mass scale could then counteract the potential instability coming from a ChernSimons term. We can write down the following toy model quadratic effective action in Euclidean space:
This action is of course not meant to be taken seriously, since no reference is given to the non-Abelian nature of the interaction. It is meant to serve as an order of magnitude estimate of the effects to be discussed. and (23), since the non-local lattice action is closest to the Chern-Simons like term in (23) . After a little algebra we find that the naive relation between the µ which appears in (23) and µ 3 multiplying the lattice action is given by
where a denotes the lattice spacing. We conclude from the observed critical values of
The inverse mass seems to be of the order of the lattice spacing. At first one would be tempted to dismiss this result and simply say that µ is of the order of the typical lattice excitations, which have nothing to do with continuum physics. This might be true, but the remarkable fact is that this very large "non-perturbative" mass scale is precisely what we observe in three-dimensional lattice gauge theories, whether one likes it or not. It is not our task here to discuss whether the non-perturbative mass-scales observed in [24, 25] are reasonable or not, we can only conclude that our results are fully consistent with the non-perturbative results in [23, 24, 25] . The large value of the inverse magnetic scale m magn ∼ (2µ 3 )g 2 T ∼ 3g 2 T introduces large uncertainties in many quantities connected with the electroweak baryogenesis scenario. First, any analytical scheme for the calculation of the finite temperature effective potential fails for M W (φ) < m magn due to the infra-red divergences. This means that we do not know the shape of the effective potential at φ < 6gT , so that it is very difficult to analyse the dynamics of the phase transition, for which the behaviour of the potential at small φ is essential. Moreover, as has been pointed out in [12] , the vacuum expectation value for the Higgs field should be sufficiently large in order to suppress B-violation right after the phase transition, namely φ > 3gT . Due to the fact that SU(2) gauge coupling is not so small, we cannot trust any analytic treatment of the scalar effective potential even for so large φ. Second, the calculation of the rate of the fermionic number non-conservation at temperatures below the phase transition temperatures relies heavily on the smallness of the non-perturbative magnetic effects. As we see, our analysis favours a large magnetic screening mass, so that there are large uncertainties in the calculation of the rate too. In other words, two basic ingredients which can be used for imposing an upper limit on the Higgs mass from cosmology are not quite established at the moment.Certainly, much more numerical work should be done in this direction.
We can now ask whether there are continuum theories which have any similarities to the explicit parity broken phase we have seen on the lattice. The theory of cold neutral fermionic matter in (V − A) gauge theories considered in [3] has many similarities. In the presence of a chemical potential µ for fermions the effective Hamiltonian of the bosonic fields will essentially be given by the gauge-Higgs system we have considered in this article plus a Chern-Simons term where the coupling constant is proportional to µ. The Lagrangian is given by
The gauge group is SU(2), ϕ is a scalar doublet and f denotes the number of lefthanded fermions. The authors in [3] studied a situation where there was a fermionic density, neutral with respect to all gauge charges. Integrating out the fermions led to the already mentioned Chern-Simons term and they have shown that in the case where λ << g 2 the normal vacuum
is replaced by a more complicated state where
and where a gauge field condensate with a Chern-Simons number different from zero is created. Our lattice system seems to realize this situation when coupled to the lattice version ofÕ cont 3
. The parity broken phase P B has the same expectation value of |ϕ| 2 as one finds in the symmetric phase, and a Chern-Simons-like condensate is present. Ref. [3] only discusses one of an infinite number of contributions to the effective Hamiltonian which arises when one integrates out the fermions from the underlying theory. In the same way we have here only considered the lattice version of one of these terms in the effective action and the final result was a condensate which was a lattice artifact, but which nevertheless has the essential features of the condensate suggested in [3] . Still another model which exhibits explicit parity breaking is the three-dimensional Abelian gauge-Higgs system with a Chern-Simons term [26] :
where D µ = ∂ µ − ieA µ and V (φ) is a Higgs potential. In the absence of the Maxwell term 
where m = e 2 φ 2 0 . This first-order system has an alternative formulation as a conventional second-order system describing a topological massive spin 1 particle, with the A µ essentially the dual of the Maxwell field strength. Thus the absorbed Higgs scalar has been converted into an odd parity helicity 1 excitation.
Our model is different from (29) in several aspects. It is non-Abelian, it has a "Maxwell" term and it is living in Euclidean space-time. Nevertheless, it might for extreme values of the coupling constants have a parity odd phase where the excitations are of a similar nature. In order to investigate this possibility we have performed lattice simulations for very small values of β G such that the independent dynamics of the gauge field is decoupled. However, the conclusion was the same as for the more conventional values of β G . Nowhere we could find a candidate for a second-order transition between the SB-phase and the P B phase. The non-Abelian nature of the gauge group presumably makes the model radically different from (29). given by (2) in the high temperature limit Fig.2 (a) : < O 1 > as a function of the coupling strength µ in the case of spontaneous parity breaking. For a fixed µ we expect < O 1 > to grow with the volume of the system. (b): The same functions as in (a), but with no parity breaking. Fig.3 The phase diagram for β G = 6.0 and β R = 0.001 and the action corresponding to O 1 . The used lattice size is 8 3 . S denotes the symmetric phase, SB the spontaneously broken phase, while P B means the parity broken phase. < Tr V † UV > (triangles) for β R = 0.001, β G = 6.0 and β H = 0.353. The value is chosen in such a way that we start in phase S for µ = 0. With increasing µ we move into phase SB as seen from the jump in 1 2 < Tr V † UV >, and finally we move into phase P B, where < O 1 > jumps while 1 2 < Tr V † UV > decreases. Tr V † UV (triangles ). Fig.8 The change in the order of the phase transition from (1): S to P B as a function of β H ( fig.8a and fig.8b ), and from (2): SB to P B as a function of µ ( fig.8c  and fig.8d ). S denotes the symmetric phase, SB the spontaneously broken phase, while P B means the parity broken phase. 
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